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I n  the closing error of a cycle of observed 
clock rates, where each pair of successive hours 
of right ascension has been employed, with 
invariably the same stars i n  each hour, there 
are four  conditions to consider, as  influencing 
the results. 

The errors of the adopted right ascensions 
enter every computed honrly rate, but these 
errors are completely eliminated i n  summing 
u p  the cycle. 

Progressive change in instrumental correc-
tions would produce p r ~ g ~ e s s i v echanges i n  
computed clock rates, if undetected, and the 
performance of the meridian instrument has 
consequently received careful and rigorous 
treatment in  this special series. 

The difference between clock corrections ob- 
served a t  sunset and sunrise may be dne to 
special conditions affecting the observed re-
sults a t  these two epochs of the day, or to a 
diurnal variation in  the clock rate. 

Progressive change i n  personal equation 
daring the night would produce a compnted 
change of observed cloclr rates. 

The closing error of this series mill be as-
sumed to be due to either one or  both of the 
last two conditions enumerated. 

The summation of the observed clock rates 
gives the f01lo:~ing means for  successive palrs 
of hours from 9 P. N. to 3 A. X. The means 
are  the excesses of obcerved hourly rates over 
the average daily rates of the clock a t  the 
corrcsponcling epochs. 

S .  

First t,wo hours, excess .................. -0.002 

Second two hours, excess .............. -0.003 

Third two hours, excess................ +0.005 

Fourth two hours, excess .............. +0.005 

Fifth two hours, excess................ -0.000 

Xean .............................................. +0.001 

Average ...................................... 3 0 . 0 0 3  


The probable error of observation for  a rate 
from two successive hours, as  summed up, is 
t-0.~002. The deviations from the mean of 
a,ll are evidently fortuitous and there is no 
real progressive change such as  would be due 
to the effect of fatigue or  to periodic varia- 
tion of the clock rate, unless these tmo effects 
balance each other. 

The constancy of the reaction time, assuming 
uniform performance of the clock, should inter- 
est psychologists and physiologists, and the 
measure of its variations within errors of less 

than one one-hundredth of a second can be 
confirmed by other observers. 

K. H. TUCKEX 

PPIYSIOLOGY OF STOMATA OF RUMEX 
PATIENTIA 

THE b e h a ~ i o r  of the stomata of Rumex pa-
iie9ztia has been studied for  the past two years 
and, although the work has not been completed, 
the data a t  hanil are sufficient to \'arrant the 
following conclusions : 

# 

1. The stomata close conlpletelv z t  night 
ancl check water loss f ~ + o mthe intcl~c~cllnlar 
spaces of the leaf. 

3. When open the stoi~iaia niodify the pate 
of water loss from the intercellular spaces of 
the leaf in  proportion to changes in  their 
perimeters, not to changes in their areni. 

3. Light is the niost important envii-onnient- 
a1 factor, while acidity and the amount of water 
in  the guard cells are the two internal condi- 
tlons directly concerned %it11 stomata1 incre- 
menis. 

4. The gnarcl cells c+ontaia gleen play ids 
~vhich are .;tructurally, p11y~iologically :mcl 
genetically different from the chloropla-i. of 
the mesophyll. 

5.  The starch-sngar change in the ganrd 
cells is a n  equilibriuni reac~ion and thc point 
of equilibrium is shifted by changes i n  aadity. 
The guard cells change in acidity more reatlily 
than the mesophyll cells because their huffel* 
content is low. 
' 6. The series of changes ~q-hich result in the 
opening of the stomata is as follows : 

( a )  I n  the morning the light changes the 
acidity of the guarcl cells. 

( b )  This change in acidity makes conditions 
Inore favorable fo r  the hydrolytic action of 
diastase. 

( c )  The diastase in  the guard cells chai~ges 
the starch to  sugar. 

( d )  The formation of sugar reqnlts ill a n  
increase in  the osmotic pressure of the gualif 
cells. 

( e )  Water enbers the guard cells from the 
epidermal cells which do not change in pl-eisure 
and causes then1 to swell. 

( f )  The smelling of the guard cells c a 1 1 ~ 3  
them to open because the thickened celi xval] 
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around the pore stretches less than the thinner geological survey has been producing in the last 
parts of the cell wall. seven years is as attractire as its predecessors. 

This series ;of changes cloes not take place I t  deal:, rvilth that portion of Colorado and 

if the leaves ape wilted. If wilting occurs after Utah which i, served by the Denver ancl R ~ O  
the guapd cells are open the point of equi- Grande Jf7estern Railway, a region visited by 

librium is shifted ;so that tile changes to nxore tourists than any other poi5tion of the 
starch the guard close. the leaves collntsy webt of the lfississippi. To them this 
remain turgid the guard cells remain open un- book I V O L I I ~be a boon if i t  could be brought 

til darkness and close by a reversal of this to their notice. Being a n  official p~tblicatiori 

of changes. ~h~~ ohanges be made bound in a grey paper cover lit is  not ap t  to be 

to go in eithep direction by experimentally awviclely known as it  ~vould he %-ere i t  pub- 

changing the acidity of the guard cells. lished by a n  enterprising publishing house, 
bound i n  bright red cover, placed i n  all the 

SAPRE book stores, and mentioned in many magazine3 
DEPARTBIEKT BOTA~Y,  

J' 

OF 

OHIOSTATEUSIYERSITY and circulars. But iit is worthy of wide pub- 
licity because of ita excellence. Campbell has 

A BOTANICAL SPELLING MATCH beaten Eaedeker a t  liis own game. The booli 
'.Gas one imagine a botanical or a n  cntomo- is charn~ingly written, beantifully illustrated 

logical spelling match?" "Conlcl 'aster' or and furnished with excellent maps. 
'grasshopper' be drawn in recognizable detail The main part of the text presents in  clear 
by tho contestants?" These are two of the inanner the succession of events \vhich have 
questions asked by Dr. C. E. TVater~ in SCIETCE i~snltecl in  the prewnt Colorado and Utah. 
f o ~  I t  doe? riot go back just a few months o r  yea13i, November 24. 

The ~vr i te r  can not ancrver fo r  ent~lllolopy but begins far enough back to include the whole 
but he can for  systematic botany. E'ormula! history of tiie region from earliest archsean 
may be used to express the structure of flowers. times till 1922 8.D. 
F o r  example, the flower formula of the Bora- ~h~ foot notes in fine prillt containthe side 6"- 8 lights on the main circuit. They deal with eco- 
ginacere can be I\-ritteu. Ca Co P , of the nomic statistics, histories of iadi~~id.uals,ex-
L i l l a c e ~  Ca3 Co"0 PO. I n  this wag formu- planations, definitions and illustrations of the 
la mag be written for  families, genera and main theme and are hardly lets interesting or 
species. The f lomr  formula .expresses con- important than tile main theme. 

cisely the follof~ing features: ~lurnher of par ts  g-he central topic-the present constitution, 

in  the flower, kinds of parts, arrallgement of ,tr,cture and ltopography of the connrrg and 

parts, something of the shape of the floll-er ancl tjle forces ,vhich have produced them-is pre-

the position of the flower in  evolution. On sentea in a clear manner as entertaining as  the 
hearing or reading such a formula the struc- talk of a clever man at a clLlb. univerqitv 
ture and shape, as  well as the taxonomic posi- students in that par t  of the coulltry will no 
tion, of the flolve~ are immediately brought to doubt use the volume as a text book since it 
mind. Surely it mould not be difficult to may be obtailled of the cni ted States supelin- 
imagine a spelling match in a class in  sys- tenckut of documents fo r  one f o w t h  the price 
tematio botany! necessarily charged for  the average geology, 

C- H A ~ s o xHERBERT and since i t  is so practical and interesting. 
OFDEPARTMENT BIOLOGY, The average geological text book has the dis- 

OFUNIVERSITY ARIZONA advantage of jerking the mind from one p a i t  
of the world to the other fo r  illustrations. This 

SCIENTIFIC BOOKS book illustrates point after point right on the 
A GUIDE BOOK OF THE GEOLOGICAL ,pot. I n  the regions treated the reader can see 

SURVEY nearly every principle of the earth's history 
THE fifth volun~e of the series of guide books strikingly set forth. 

of the western United States which our national To apply geology to a definite locality is an 


